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Abstract 
The paper describes the inductive three-phase fault current limiter. In this work I examine the novel arrangements of 
the perfect closed superconducting loop made of HTS wire. I applied one iron core with 3 limbs and special loops for 
uniform temperature of the superconducting wire. In this work I present the results of my experiments with this 
device. I present the static and dynamic measured results of this solution. It has got several advantages e. g. fast 
switching and less fault power for high-power electric machines. The advantage of the equipment is that in the case 
of single-phase short circuit the current will decrease in all the three phases. This can be an appropriate solution for 
high power machines. For example, in the case of high-power electric motor if there is a single-phase breaking or a 
single phase short circuit, we can decrease the current in the three phases.  
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1. Introduction 
This paper shows a novel arrangement of a perfect closed superconducting loop made of HTS wire in a 
three-phase fault current limiter. I used special turns and I created it in an unusual way. This solution 
facilitates the uniform temperature of the YBCO wires. The operation of my arrangement is based on 
well-known physical laws but so far not applied yet in this manner. The solution includes a three-limb 
iron core with YBCO loops. We can reduce the current in the case of a fault or a single-phase break and 
the fault protections will break the current at lower value in all the three phases. I examined the 
arrangement of the continuous superconducting loop made of HTS wire for 3-phase inductive fault 
current limiter.  I used 100% continuous YBCO wire. 
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2. The Applied Superconducting Wire 
The superconductor wire (2G HTS) was produced by SuperPower, Inc., New York, USA. Type: SF 
12050.  As it has become possible to solder YBCO wires, the closed loop can be produced by soldering, 
the superconducting connection in the joint will not exist. When applying alternating current, this causes 
no problems due to current loss but in the soldered spot the Joule loss is considerably higher than in the 
wire itself. Therefore I did not use soldered YBCO wire for this experiment. Earlier I tried experiment 
YBCO bulks [1, 2, 3].  
Fig. 1 shows the cut wire. We can see the arrangement of the wire in Fig. 2.   
 
 
Fig. 1. The cut wire 
 
Fig. 2. The arrangement of the wire 
I did not cut the wire between the small loops, as in this case we can ensure better uniform temperature 
in the superconducting wire when the YBCO loop will change to normal state from superconducting 
state.  
I did not cut the wire. 
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3. The Three-Phase Inductive Fault Current Limiter  
We can see the scheme of the experimental device in Fig 3. I employed 7 pieces of loops in parallel 
arrangement as it can be seen in Fig. 4.  
 
 
Fig. 3. The experimental arrangement 
 
 
Fig. 4.  The photo of the three-phase inductive fault current limiter 
The equipment is advantageous for high-power machines in the case of the breaking phase or short 
circuit current. We will see later, when there is a fault, the conventional protection has to turn off or break 
the current in all the three phases because the operational current is able to develop again only after 
breaking the fault current. 
 
For example in the case of the asynchronous 
motor if there is phase breaking in L1 phase, the 
current will be bigger in the L2 and L3 phase. 
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4. Measurement Results 
Fig. 5 shows a single-phase short circuit current. The fault is in L1 phase. We can see that the current 
decreases in all the phases. This is an advantage for high-power machines. In Fig. 6 we can see the case of 
the fault between two phases (L2 and L3). 
 
   
 
Fig. 5. Single-phase short circuit current (L1) and its effect on phase L1 and L2 
 
   
 
Fig. 6. The current of the phases when the fault is between two phases 
5. Theoretical Examination 
Fig. 7 and 8 show the magnetic flux in the case when the YBCO loop is in superconducting state. The 
magnetic field of the superconducting loop is opposed to the magnetic field of the limiter coil in each 
phase. The leakage comes from the limiter coil and YBCO wire loop. The current of the superconducting 
loop and leakage of the limiter coil ensure the flux constancy inside the closed superconductor loop in the 
three loops.   
i(t) 
L1 
L2 L3 
fault   fault time = 1 s 
t (ms)  
t (ms)  
L3 L2 
i(t) 
fault  fault time = 1 s 
L1 
20 A 
10 A 
10 A 
- 20 A 
- 10 A 
20 A 
- 10 A 
- 20 A 
1262   Janos Kosa /  Physics Procedia  36 ( 2012 )  1258 – 1263 
 
 
Fig. 7.  Magnetic flux in the superconducting state 
 
φL1= - φSUP L1;   
φL2= - φSUP L2;    
φL3= - φSUP L3;    
 
 
Fig.8. Vector diagrams in the superconducting state 
 
We can see the magnetic flux in the case when the YBCO loop is in normal state in Fig. 9. 
 
Fig. 9.  The magnetic flux in the normal state 
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If there is a fault in the L1 phase, the YBCO loop changes to normal state. Hereby the current of 
superconducting loop in L2 and L3 phase increases because the leakage decreases, as there is not  
φSUP L1.   
 
Consequently:   
 
φL2+ > φL2 
φL3+ > φL3 
φSUP L2+ > φSUP L2 
φSUP L3+ > φSUP L3 
 
Therefore the current of the superconducting loop increases. When the loop changes to normal state the 
inductances of coils (L2, L3) increase too. 
 
6. Conclusion 
It is possible to create a novel 3-phase inductive fault current limiter for high-power machines.  This 
solution is an advantageous in the case of the single-phase breaking of high-power electric motor or a 
single-phase short circuit, as the current decreases in the three phases.  
The short circuit current is less than the operational current within about 5 periods.  
The applied superconducting wire (SF 12050) is suitable for limiting. When the fault time is more than 
1 s, the device can operate without damage.  
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